Abstract: There is still a paucity of data on how breast cancer (BC) biology influences outcomes in elderly patients. We evaluated whether ER/PR/HER2 subtype and TNM stage of invasive BC had a significant impact on overall survival (OS) in a cohort of 232 elderly Caucasian female patients (ě70 year old (y/o)) from our institution over a ten-year interval (January 1998-July 2008. Five ER/PR/HER2 BC subtypes classified per 2011 St. Gallen International Expert Consensus recommendations were further subclassified into three subtypes (traditionally considered "favorable" subtype-ER+/PR+/HER2´, and traditionally considered "unfavorable" BC subtypes: HER2+ and triple negative). OS was measured comparing these categories using Kaplan Meier curves and Cox regression analysis, when controlled for TNM stage. The majority of our patients (178/232 = 76.8%) were of the "favorable" BC subtype; 23.2% patients were with "unfavorable" subtype (HER2+ = 12% (28/232) and triple negative = 11.2% (26/232)). Although a trend for Cancers 2015, 7 1473 better OS was noted in HER2+ patients (68%) vs. 56% in ER+/PR+ HER2´or 58% in triple negative patients, "favorable" BC subtype was not significantly predictive of better OS (p = 0.285). TNM stage was predictive of OS (p < 0.001). These results are similar to our published studies on Caucasian BC patients of all ages in which ER/PR/HER2 status was not predictive of OS, irrespective of classification system used.
Introduction
The American Cancer Society estimates that 231,840 women will be diagnosed with breast carcinoma and 40,290 women will die from it in 2015 [1] . While the lifetime risk of developing breast carcinoma is still 1 in 8 women (similar from 2003-2011) [2, 3] , the risk that a ě70 y/o woman will be diagnosed with breast cancer during the subsequent 10 years is much higher when compared to women ď70 y/o. The risk reaches 3.82% or 1 in 26 women for a 70 year old woman, almost twice the risk of a 50 year old woman (2.38% or 1 in 42 women) [2] .
In spite of the fact that the incidence of breast carcinoma increases with age, with approximately 30% of new breast carcinoma cases being diagnosed in patients 70 years and older [3] , there is still a paucity of data on how breast cancer biology influences outcomes in elderly patients. A few studies demonstrated that breast carcinoma in elderly patients have a higher probability of "favorable" tumor biology, including hormone receptor positive (ER and/or PR positive) and HER2 negative breast carcinomas, as well as node-negative carcinomas [4] [5] [6] . However, in spite of a higher probability of "favorable" tumor biology, almost 50% of deaths from breast carcinoma occur in the elderly patient population (ě70 y/o) [3] . Some studies have attributed this observation to an under-representation of elderly patients in clinical trials and, consequently, a lack of standardized treatments and clear management guidelines for these patients [6, 7] . For example, based on the newest NCCN guidelines, breast cancer edition, "there are limited data to make chemotherapy recommendations for those >70 y/o. Treatment should be individualized with consideration of comorbid conditions" [8] . Currently, individualized, and therefore highly variable treatment approaches, are often recommended for elderly patients rather than the standardized algorithmic approach used for management of patients younger than 70 years of age.
We have previously shown in two of our institution's studies that ER/PR/HER2 status was not predictive of overall survival of Caucasian female breast carcinoma patients, irrespective of the classification system used, while TNM stage was predictive of overall survival [9, 10] . We have now evaluated the same cohort of patients for the prognostic value of old age (ě70 y/o) on overall survival, when controlled for cancer hormonal subtype and pathologic tumor characteristics. Specifically, we assessed whether ER/PR/HER2 subtype and TNM stage of invasive breast carcinoma had significant impact on overall survival in a cohort of 232 elderly Caucasian female patients (ě70 y/o) from our institution at the 10 year interval (January 1998-July 2008), with 1 August 2013 as the last day of follow-up.
Results
The majority of our patients (178/232 = 76.8%) were of the "favorable" breast carcinoma subtype (ER+ and/or PR+, HER2´), subdivided to the luminal A-like and luminal B/HER2 negative-like subtypes. 23.2% patients were of traditionally considered "unfavorable" subtype: (1) HER2+ subtype = 12% (28/232), subdivided to luminal B/HER2 positive-like subtype (16/232) and HER2 positive/non-luminal like subtype (12/232) and (2) triple negative subtype = 11.2% (26/232) ( Table 1) . (N) = number of patients.
The oldest patients were in the luminal A-like group (mean age 78.2), and the youngest were in the luminal B/HER2 positive-like subtype (mean age 74.4) ( Table 1) . The majority of patients had invasive ductal carcinoma as a histologic tumor type, regardless of ER/PR/HER2 subtype (163/232 = 70%), followed by invasive lobular carcinoma (34/232 = 14.6%). The most common grade of invasive carcinoma was grade 1 and grade 2 for luminal A-like, grade 2 for luminal B/HER2 negative-like, and grade 3 for luminal B/HER2 positive-like, HER2 positive/non-luminal like, and triple negative subtypes ( Table 1 ). The most frequent TNM stage for all subtypes was stage I, with the exception of luminal B/HER2 negative subtype that had stage II as the most frequent stage ( Table 1 ).
The majority of our patients underwent modified radical mastectomy as the final surgical procedure (143/232 = 61.6%). Table 2 shows post-surgery treatments that our patients received: only 32.3% of patients received radiation therapy, 21% received chemotherapy, and just slightly over half of hormone receptor-positive patients received hormonal therapy (57.2%). Only 5 of 28 HER2+ patients were diagnosed with HER2 positive breast carcinoma after October 2005, when anti-HER2 adjuvant therapy became a standard treatment for patients with HER2+ breast carcinoma in our institution. Three of these 5 patients (60%) received anti-HER2 therapy (75, 76 and 79 year old). Although a trend for better overall survival was noted in HER2+ breast carcinoma patients that were traditionally considered as an "unfavorable" breast carcinoma subtype [68% alive HER2+ patients at the end of the study period vs, 56% alive patients in ER+/PR+/HER2´("favorable" subtype) or 58% alive patients in triple negative "unfavorable" subtype], the "favorable" breast carcinoma subtype was not significantly predictive of better overall survival (Figure 1 , Kaplan Meier curve, p = 0.285).
In Cox regression multivariate analysis, when ER/PR/HER2 subtypes were controlled for TNM stage and grade, a trend for better overall survival was again noted in HER2+ breast carcinoma patients that were traditionally considered as an "unfavorable" breast carcinoma subtype, but it did not reach statistical significance (p = 0.095; Figure 2a 
Discussion
We evaluated whether ER/PR/HER2 subtype and TNM stage of invasive breast carcinoma had a significant impact on overall survival in a cohort of 232 elderly Caucasian female patients (≥70 y/o) from our institution over a 10 year interval (January 1998-July 2008), with at least a subsequent 60 month follow-up period (median follow up 72 months).
We found that the majority of our elderly patients (76.8%) were of the "favorable" luminal A-like and luminal B/HER2 negative-like breast carcinoma subtype (ER+ and/or PR+, HER2−). When hormone receptor-positive HER2 positive patients (luminal B/HER2 positive patients) were added to ER+ and/or PR+, HER2− patients, a total of 83.6% of our patients had hormone receptor-positive breast carcinoma. The number of hormone receptor-positive patients in our study was in concordance with the percentage of elderly patients with "favorable" hormone receptor-positive breast carcinoma reported in 
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We found that the majority of our elderly patients (76.8%) were of the "favorable" luminal A-like and luminal B/HER2 negative-like breast carcinoma subtype (ER+ and/or PR+, HER2´). When hormone receptor-positive HER2 positive patients (luminal B/HER2 positive patients) were added to ER+ and/or PR+, HER2´patients, a total of 83.6% of our patients had hormone receptor-positive breast carcinoma. The number of hormone receptor-positive patients in our study was in concordance with the percentage of elderly patients with "favorable" hormone receptor-positive breast carcinoma reported in the review article by O'Connor et al., which reached up to 85% [11] . It was only slightly lower than the percentage published by Diab et al. [12] who analyzed tumor characteristics of breast carcinomas by age group in the San Antonio database and found that, on average, 89% of patients 65 years and older had hormone receptor-positive breast carcinomas. In Diab's study [12] , the percentage of HER2 positive patients was identical to that in our study (12%). A slightly lower percentage of patients in our study had triple negative-like breast carcinoma subtype (11.2%) in comparison to 15%-18% triple negative-like breast carcinoma subtype reported by Aapro and Wildiers [4] in their review of data estimating the number of triple negative breast carcinoma patients in the United States and Chinese breast cancer patients, respectively.
Other clinicopathologic characteristics of tumors in our patients, such as invasive ductal carcinoma being the most common histologic tumor type, tumor size most commonly below 2 cm, and approximately 19% of patients with 1-3 positive lymph nodes, were similar to the tumor characteristics reported in other studies [12, 13] . The same was true for the grade of the tumor observed in our study (29.5% of grade 1, 45.6% of grade 2 and 24.5% of grade 3 tumors) when compared to the study on 41,390 women age 65 and older diagnosed with stage I to III breast carcinoma between 1991-1999 from the Surveillance, Epidemiology and End Results-Medicare linked database reported by Giordano et al. [13] .
We observed a trend for better overall survival in HER2+ breast carcinoma patients that were traditionally considered as "unfavorable" breast carcinoma subtype over patients in "favorable" breast carcinoma subtype (ER and/or PR+, HER2´); however, it did not reach statistical significance. In fact, no ER/PR/HER2 subtype was significantly predictive of better overall survival. We are tempted to hypothesize that the observed trend may, perhaps, be a result of HER2+ patients receiving both anti-HER2 therapy and chemotherapy for treatment of HER2+ breast carcinoma but, due to the small number of these patients in our study population, this effect did not reach a statistical impact. Our future studies investigating the survival impact of variations in treatments that our patients received may answer this question, once we analyze a larger number of patients and have a longer follow-up period.
Nevertheless, results from this study demonstrate that ER/PR/HER2 status of breast carcinoma had no significant impact on overall survival in the elderly patients. The TNM stage was predictive of overall survival only in those that presented with stage III and stage IV breast cancer, whereas there was no survival difference between stage I and stage II cancers. These results are similar to our two previously published studies where ER/PR/HER2 status was not predictive of overall survival of Caucasian female breast carcinoma patients of all ages, irrespective of the classification system used, while TNM stage was predictive of overall survival primarily in advancing stages [9, 10] . Possible causes for the results from our previous studies were attributed to the composition of our study population (we were only studying Caucasian female breast cancer patients), type of ER/PR/HER2 classification system used (St. Gallen breast carcinoma subtype classification or triple negative vs. non-triple negative breast carcinoma subtype), and the time period of the study (1998-2008) wherein screening, diagnostics, and treatment of breast carcinoma patients improved significantly over time periods that were observed before 1998. The decreased mortality observed in our "unfavorable" ER/PR/HER2 subtypes in our elderly patients is perhaps due to better personalized treatment which, in turn, resulted in a clinical loss of distinction between "favorable" and "unfavorable" ER/PR/HER2 breast carcinoma subtypes, as we mentioned earlier as a possibility for at least HER2+ patients. It is interesting to note that, in at least two other different studies, elderly patients with "unfavorable" triple negative breast carcinoma phenotype had a better, or the same, outcome when compared to their corresponding younger cohort [14, 15] . This survival outcome occurred in spite of a significantly lower use of chemotherapy and radiotherapy in the elderly patients, raising the possibility that a different tumor biology exists between younger and older patients [4] . It is also possible that elderly patients with "favorable" subtypes are being undertreated, resulting in outcomes that paralleled the "unfavorable" subtypes. This possibility should be explored more since we observed that higher percentages of patients in our study with "unfavorable" subtypes received chemotherapy in comparison to patients with "favorable" ER+/PR+/HER2´subtype.
Materials and Methods

Selection and Description of Participants
The study was carried out following the approval from the Institutional Review Board of the University of Tennessee Medical Center at Knoxville (IRB project number: 3156; date of initial approval: 25 January 2011).
Our study was limited to Caucasian females only due to our institution's geographic location in East Tennessee, where greater than 90% of the total patient population are Caucasian.
From our institution's Cancer Institute prospectively monitored database, 1253 Caucasian female patients diagnosed with primary invasive breast carcinoma between 1 January 1998 and 1 July 2008 (10 year period) were identified. Of these, 232 women were 70 years or older (18.5% of population), had complete data and entered our study (median age 76 years, age range 70-98 years). Since HER2 testing of all breast carcinomas in our institution started in 1998, after FDA approved anti-HER2 therapy for metastatic breast carcinomas, this 10 year time frame allowed us to include patients with complete ER/PR/HER2 subtypes and have a minimum of five years of follow-up data, with 1 August 2013 being the last day of follow-up.
Invasive carcinoma histologic type was determined based on World Health Organization classification [16] .
Two-hundred-thirty-two Caucasian women were eligible for the study and the following clinicopathologic characteristics were analyzed: histologic tumor type, tumor grade, tumor size, ER/PR/HER2 status, TNM stage, treatments received and overall survival status.
Determination of Clinicopathologic Tumor Characteristics and Breast Cancer Subtype
TNM (tumor-node-metastasis) stage was established based on the AJCC staging manual edition that was in place at the time of final pathologic evaluation [17, 18] but was re-staged to the newest 7th edition of AJCC staging manual in our study [19] . Then, stage IA and IB were combined to stage I, stage IIA and IIB to stage II, and stage IIIA, IIIB and IIIC to stage III.
Immunohistochemical methods were used to determine ER, PR and HER2 status at the time of the patient's cancer evaluation on a selected tumor block of the needle core biopsy tissue and/or a tumor block after final surgical excision. ER and PR was considered positive with more than 1% of the nuclear staining upon re-evaluation based on the newest ASCO/CAP guidelines for immunohistochemical testing for ER and PR in breast cancer [20] . A 3+ immunoreactivity HER2 score was considered as overexpressed for HER2, and 0+ or 1+ immunoreactivity was considered negative. Tumors with 2+ immunohistochemical scores were sent to an independent reference laboratory for fluorescence in-situ hybridization (FISH) until December 2007, and after December 2007, an independent reference laboratory performed HER2 FISH analysis for all tumors. A ratio of >2.2 of HER2-neu copies to CEP17 copies on chromosome 17 was considered positive for HER2-neu gene amplification [21] .
Ki-67 proliferation index was determined in the area with highest Ki-67 nuclear labeling. From a total of 300 counted cells, proliferating and non-proliferating, the percentage of proliferating cells was calculated, and reported as percentage of proliferating cells.
Patients were grouped according to their ER/PR/HER2 subtypes into five groups, per the 2011 St. Gallen International Expert Consensus recommendations [22] (Figure 3) as follows: group 1-Luminal A-like subtype = ER and/or PR positive, HER2 negative and Ki-67 proliferation index less than 14%; group 2-Luminal B/HER2 negative-like subtype = ER and/or PR positive, HER2 negative and Ki-67 proliferation index more than 14%; group 3-Luminal B/HER2 positive-like subtype = ER and/or PR positive, HER2 positive and any Ki-67 proliferation index; group 4-HER2 positive/non-luminal like subtype = ER and PR negative, HER2 positive and any Ki-67 proliferation index, and group 5-Triple negative subtype = ER and PR negative and HER2 negative and any Ki-67 proliferation index. These groups were further subclassified into "favorable" subtype = luminal A-like and luminal B/HER2 negative subtype and two "unfavorable" subtypes: (1) HER2+ subtype = luminal B/HER2 positive subtype and non-luminal HER2 positive subtype ("traditionally considered unfavorable") and (2) "unfavorable" triple negative subtype.
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Patient's Inclusion into the Study, Treatment and Survival
Caucasian female patients 70 years and older, diagnosed with stage I to IV primary invasive breast carcinoma from 1 January 1998 to 1 July 2008 with complete ER/PR/HER2 data were included into Figure 3 . ER/PR/HER2 breast carcinoma subtypes in a study cohort of 232 ě70 y/o Caucasian female breast carcinoma patients. Study patients are grouped based on the ER/PR/HER2 phenotype into "favorable" (luminal A-like and luminal B/HER2´like), traditionally "unfavorable" (luminal B/HER2 positive like and non-luminal/HER2+ like), and "unfavorable" triple negative subtype.
Caucasian female patients 70 years and older, diagnosed with stage I to IV primary invasive breast carcinoma from 1 January 1998 to 1 July 2008 with complete ER/PR/HER2 data were included into our study. The patients were excluded if diagnosed with synchronous or metachronous malignancies of other organs.
The patients were treated with surgery, chemotherapy, and radiation therapy in accordance with the standard treatment protocol at the time of the diagnosis. This was based on NCCN guidelines or similar evidence-based data at the time of diagnosis and was individualized based on the patient's comorbidities [23, 24] . For patients receiving chemotherapy, the standard treatment method was to use a second-generation chemotherapy regimen for Stage I breast cancer and a third-generation regimen for Stage II and III. Anti-hormonal treatment was given to ER positive patients (aromatase inhibitors or tamoxifen). Anti-HER2 therapy was given to HER2 positive patients when diagnosed with systemic metastatic disease up to October 2005 and, after October 2005, eligible HER2+ patients received anti-HER2 therapy in addition to the above described chemotherapy regimens. Follow-up status and outcome information were obtained from our cancer registry database, with 1 August 2013 being the last date of follow-up for patients who were still alive.
Statistical Analysis
Clinicopathologic characteristics of breast carcinomas in our elderly patients were analyzed using frequency statistics. The Kaplan-Meier curve was used as a univariate analysis to establish how ER/PR/HER2 subtypes differed in terms of overall survival. The Cox Regression curve was used as a multivariate analysis to determine how ER/PR/HER2 subtypes differed in terms of survival when controlled for TNM stage and grade.
SPSS Version 19 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Statistical significance was assumed at a p < 0.05 level.
Conclusions
Results from our study on elderly Caucasian female breast carcinoma patients from our institution demonstrated that ER/PR/HER2 status was not predictive of overall survival, but TNM stage was predictive of overall survival, and are similar to two of our previously published studies on Caucasian female breast cancer patients of all ages [9, 10] . Since standardized treatment recommendations for patients >70 y/o are less strictly defined than for other age groups, further studies investigating treatments that elderly patients receive are warranted, with a goal to reconcile and stratify given therapy with outcome.
Author Contributions
Amila Orucevic: Generated idea for the manuscript, overseen data collection, performed analysis of data and wrote manuscript; Matthew Curzon: Data collection and contributed to manuscript final draft writing/proofreading; Christina Curzon: Data collection and contributed to manuscript final draft proofreading; Robert E. Heidel: Statistical analysis of data and contributed to manuscript final draft statistical analysis section writing/proofreading; James M. McLoughlin: Data discussion and contributed to manuscript final draft writing/proofreading; Timothy Panella and John Bell: Data discussion and manuscript proofreading.
